Abstract: This paper proposes a vector field guided auto-landing control of an airship with a wind disturbance, whose motion is described in a vertical plane. Whereas hovering and vertical landing abilities are advantages of the airship, there is little research on the auto-landing mechanism. Unlike the previous airship control algorithms which compensate the disturbances using linear and nonlinear control laws such as backstepping control methods, the proposed auto-landing control algorithm is simpler than the backstepping controllers and covers the wind disturbances with unknown bound. To this end, the vector field based guidance law achieving the control objectives and adaptive-robust dynamic control law realizing the desired course are proposed. The stability analysis and simulation results of the proposed auto-landing control law are included to demonstrate the practical applicability of the proposed method.
INTRODUCTION
Airship has become an interesting type of an unmanned aerial vehicle (UAV) for past few years because of a reappraisal of contributions of the airship. The airship has been employed to various applications such as indoor and outdoor advertising tasks, a fire detection, an inspection of big structures, a surveillance of a borderline, and military applications since the airship can hover for a long time, consume little energy, take-off and land vertically, and have large payload (Pavia et al., 2006; Solaque et al., 2008; Azinheira et al., 2008) . Also, these advantages have derived developments of the following actual airship in real environment: AURORA, High-Altitude Airship of Lockheed Martine, Stratospheric Airship, etc. (Zheng et al., 2012) . Particularly, the hovering ability among the contributions of the airship has been researched (Pavia et al., 2006; Azinheira et al., 2008) , which can provide the applications such as manipulation of big objects or the surveillance of local area. These applications do not require only the hovering ability, but also, vertical landing. That is, it can improve the performance of the airship to land automatically while keeping the position over the landing point.
To control the airship, there were PID control (Kahale et al., 2013) and dynamic inversion (Moutinho et al., 2005) algorithms which can be implemented in a simple way. However, these methods could not compensate the wind disturbances. To control the airship with the wind disturbances in real environments, backstepping control algorithms which compensate the wind disturbances were proposed (Kahale et al., 2013; Azinheira et al., 2008) . These nonlinear control algorithms improve the performances of the airship with the model uncertainties and the disturbances under the path-following task in flight phase. Also, the input constraint of the airship was considered (Azinheira et al., 2008) . However, in the previous work regarding the wind disturbances, it was assumed that the bound of the disturbance is known (Kahale et al., 2013) , and the backstepping control mechanism is still complicated (Chaw, 2010) . In addition, there is little research on the auto-landing control of the airship. There is a lack of sufficient generality for a flight phase as a landing phase is because of the ground effect of the airship in the vicinity of the ground (Malaek et al., 2004) .
Thus, this paper proposes the vector field guided autolanding control algorithm for the airship in the landing phase with the wind disturbance. To this end, it is assumed that longitudinal and lateral motions can be departed (Pavia et al., 2006) , the simplified model of airship is employed (Solaque et al., 2008) , and the airship can face the goal position using the control algorithms proposed in the previous works regarding the motion of the airship in the horizontal plane (Zheng et al., 2012; Pavia et al., 2006; Azinheira et al., 2008) . From these assumptions, the airship is re-described in vertical plane with respect to the airship position and the goal position. To provide the approaching course toward the goal position, the vector field based guidance law is introduced, and then, the desired direction and the velocities of the airship generated by the proposed guidance law are realized by an adaptive robust velocity control algorithm using the modified trajectory tracking control algorithm proposed in Chaw (2010) , such that the wind disturbances are compensated while regarding the input constraints. Therefore, the proposed auto-landing control algorithm provides the following advantages to the airship: 1) the control algorithm is simple than the previous backstepping control mechanism; 2) the wind disturbance with the unknown bound are compensated; and 3) the airship is controlled despite of the limited inputs. This paper is organized as follows. We show the decoupled airship model in Section 2, and we introduce the novel vector field for the auto-landing method in Section 3. In Section 4, the desired velocity generation and the velocity control law are proposed. To demonstrate the usefulness of the proposed control algorithm, simulation results are presented in Section 5. Finally, the conclusions of the study are given in Section 6.
AIRSHIP MODEL
This paper considers the two dimensional vertical movement of the airship, where longitudinal and vertical motions are included. For these projected motion, it is assumed that the airship can face the goal position using the already suggested yaw angle controls on the horizontal plane. The motion of the airship on the vertical plane is depicted in Fig. 1 .
where atan2(·) is a four-quadrant invers tangent determined in the intervals (-π, π]. 
) and d θ is the desired moving direction determining the approaching angle to the goal position, which is the direction of the arrows in Fig. 2 . On the vertical plane, the airship is guided to the goal position by the desired direction designed as follows. Remark: since d k in (4) determines the transition rate of the desired moving direction along the ground distance between the airship and the goal position. This influence of d k is represented in Fig. 3 . As can be seen in Fig. 3, if d k is small value, desired direction determined toward the goal position, and if d k becomes bigger value, the direction of the vector field is changed rapidly around the z-axis. Therefore, the various change rate of the desired course with respect to the altitude and the ground distance between airship and the goal position is allowed because of the proposed vector field in (4). Indeed, it should be shown that the airship goes to the goal position when it moves along the desired coursed generated in (4). To this feasibility of the proposed desired moving direction, the following lemmas show the convergence of the errors (Kingston and Beard, 2007) .
Lemma 1 (Ground distance convergence):
The ground distance between the airship and the goal position converges to zero if the airship follows d θ .
Proof:
To show the convergence of the c ρ to zero, we define
Then the time derivative of c ρ becomes * * cos cos 2 sin .
When the sign of c ρ and
θ are compared using (5) and (6), 
where p k is the positive constant. The feasibility of the proposed desired velocity in (10) 
We showed that the airship converges to the goal position while the airship follows the proposed desired course from the vector field. This finding derives that the desired velocity can be designed with respect to the desired moving direction.
Subscribing the desired velocity to (2), then (2) becomes cos sin
If (11) becomes 
From (13), we can acquire the desired velocity as in (10).
The designed desired velocity can be realized by the velocity control laws which control the actual velocities in (2) to converge to the desired velocities in (3) and (10). To this end, we choose the following velocity errors. , the control inputs, u ρ and z u , in (16) are bounded. Accordingly the control inputs realizing the desired course cover the input constraints of the airship.
SIMULATION RESULTS
In regards to the numerical simulation, we consider the airship dynamics in Fig. 1 and (1)-(4) . The initial position of the airship is ground distance and the altitude. Then, the desired velocities to let the airship follow the desired course were generated. The convergence of the velocity errors with the wind disturbances to zero was guaranteed by the proposed robust adaptive control law. In addition, the simulation results showed that the airship can move along the desired course by approaching the goal path and the desired position. As a future works, it can be followed that the model of the airship extended to three dimensional space. And the issue for the auto-landing to moving platform will be pursued by estimating the moving landing platform. Also, the proposed auto-landing algorithm will be employed to not only UAVs with the aerostatic force but also UAVs using the aerodynamic force.
